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TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE REALIZED BY USING PARTIAL SOI 
TECHNOLOGY 

CROSS - REFERENCE TO I^ESATeiT^PPZlCATTaRS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Applications No. 2001-401302, filed December 28, 2001; 
and No. 2002-051882, filed February 27, 2002, the 
entire contents of both of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor device 
realized typically by using SOI (silicon on insulator) 
or SON (silicon on nothing) technology. 

2. Description of the Related Art 

Efforts have been paid in recent years to utilize 
SOI technology for manufacturing semiconductor devices 
in order to realize a high speed operation for 
electronic devices. MOS transistors formed on the 
surface of an SOI substrate (to be referred to as an 
SOI element hereinafter) show characteristic features 
including a large high current drivability, a small 
junction capacity and non-existence of back gate 
effect. Thus, a high speed circuit operation can be 
realized by utilizing these characteristic features. 
However, particularly, a PD-SOI element that 



operates in a state of partial depletion shows such a 
hysteresis that the static characteristics of the 
transistor can vary depending on the immediately 
preceding operating cohdi'tIon^fier¥6E 7~ Therefore, "when 
a transfer gate of a memory cell is formed by using an 
SOI element, its cutoff performance is degraded to in 
turn degrade the data holding performance of the memory 
cell. Additionally, paired SOI elements can hardly 
operate properly. Thus, it is very difficult to form 
complementary latch circuits and operational amplifiers 
by using an SOI element. 

Meanwhile, the merged DRAM technology of merging 
logic circuits and DRAMs on a single chip has been 
attracting attention in recent years. Using this 
technology, it is possible to arrange large capacity 
memory devices and logic circuits on the same chip. 
Additionally, the merged DRAM technology makes it 
possible to connect an arithmetic and logic unit and a 
memory device by means of a data path having a large 
bus width, in order to realize a high speed operation. 
However, a DRAM is normally made to comprise a large 
number of transfer gates and complementary circuits 
and, as pointed out above, it is difficult to form 
transfer gates and complementary circuits by using SOI 
elements. Thus, it has been believed that it is 
difficult to manufacture DRAMs by using SOI technology.. 
Recently, there has been proposed a technique of 



forming a DRAM by producing a bulk region in part of an 
SOI wafer. This technique is referred to as partial 
SOI. More specifically, it is a semiconductor 
. manufacturing— technique, .of.^f orming„_an_opening„in .part 
of an SOI wafer and subsequently closing the opening by 
growing monocrystalline silicon in the opening to 
produce a bulk region there. When using this 
technique, it is necessary to provide a buffer region 
of several micrometers along the border of the SOI 
region and the bulk region. Additionally, the bulk 
regions of a chip are required to be uniformized in 
terms of shape and size in order to grow good quality 
monocrystalline silicon. 

It may be easy to design and manufacture a merged 
DRAM chip having logic circuits by using the partial 
SOI technique and forming the entire DRAM macro as a 
large bulk region. However, such a design concept by 
turn gives rise to the problems as pointed out below. 
Firstly, with such a design concept, it is not possible 
to exploit the advantages of an SOI element in order to 
improve the performance of the DRAM macro itself. 

Secondly, the capacity and the configuration of 
the DRAM macro are restricted when the bulk regions are 
uniformized in terms of shape and size. A highly 
integrated high performance semiconductor device that 
is referred to as "system on chip type" is formed by 
putting a large number of versatile functional blocks 



together. Each functional block is required to have a 
memory macro showing an optimal capacity and an optimal 
configuration and designed to operate optimally. 
R e c e n 1 1 y 7 ~ me r g e d~ DRAM macros~who*se~memory~capacity 
ranges between 1 Mbit and 128 Mbits are commercially 
available to meet the requirement. Additionally, 
available data bus width ranges between 64 bits and 
256 bits and hence it is possible to select an 
appropriate data bus width depending on the 
application. Furthermore, DRAM macros having parity 
bits as many as 144 bits are also available. High 
speed DRAMs having an access time as short as 5 ns have 
been proposed recently. The area and the shape of a 
DRAM macro can vary depending on its capacity and the 
configuration. They can also vary depending on its 
operating speed. This means that bulk regions with 
different shapes and areas need to be provided. 
However, providing bulk regions with different shapes 
and areas is a costly operation because the 
manufacturing process needs to be optimized for each 
shape and each area of bulk region. Therefore, it may 
not be wise to form bulk regions having different areas 
and shapes on the same chip. Manufacturing chips, each 
having bulk regions with different shapes and areas, 
can end up with an extremely low yield. The subject 
was described about the partial SOI technique. 
However, the partial SON has the same subject as the 



partial SOI technique. Thus, there is a demand for 
semiconductor devices manufactured by using the partial 
SOI or SON technique and comprising circuits that show 
de s i r eel "oper a tfirTg" character i"st"i"cs7 

BRIEF SUMMARY OF THE INVENTION 
According to an aspect of the invention, there is 
provided a semiconductor device comprising: a bulk 
region formed in a semiconductor substrate; and a 
semiconductor region formed on one of a buried 
insulating film in the semiconductor substrate and a 
cavity region formed in the semiconductor substrate; 
the bulk region including: a memory cell array having a 
plurality of memory cells arranged in the form of a 
matrix and including a plurality of memory cells 
connected to bit lines and word lines; sense amplifier 
connected to the bit lines of the memory cell array, 
the sense amplifier being adapted to sense and amplify 
the potentials of the bit lines; and column selection 
gate for connecting the sense amplifier to first 
data line; the semiconductor region including: word 
line selection circuit for selecting appropriate ones 
of the word lines; and column selection circuit for 
selecting appropriate ones of the column selection 
gate . 

According to another aspect of the invention, 
there is provided a semiconductor device formed in a 
region other than the bulk region within a 



semiconductor substrate, the device comprising: a delay 
circuit adapted to be supplied with a clock signal and 
delay the clock signal; a logic circuit adapted to be 
-supplied— with— the--output--signal--of--the~dela-y--circuit 
and the clock signal; the delay circuit including: an 
inverter circuit for receiving the clock signal; a 
capacitor to be charged and discharged in response to 
the operation of the inverter circuit; and a transistor 
connected to the capacitor and the output terminal of 
the inverter circuit, the transistor being turned off 
in response to a fall of the output voltage of the 
inverter circuit under the threshold voltage of the 
inverter circuit. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a schematic circuit diagram of the first 
embodiment of the invention; N 

FIG. 2 is a schematic circuit diagram of a word 
line selection circuit that can be used for the 
embodiment of FIG. 1; 

FIG. 3 is a schematic circuit diagram of column 
selection circuits that can be used for the embodiment 
of FIG. 1; 

FIG. 4 is a schematic circuit diagram of CMOS type 
column selection circuits formed by using bulk 
elements; 

FIG. 5 is a schematic circuit diagram of the 
second embodiment of the invention; 



FIG. 6 is a schematic plan view of a system on 
chip realized by using DRAM sub macros as shown in 
FIG. 5; 

FIG. 7 is a schematic plan view of a cache memory 
realized by using DRAM sub macros as shown in FIG. 5; 

FIG. 8 is a schematic plan view of an LSI 
dedicated to image processing and realized by using 
DRAM sub macros as shown in FIG. 5; 

FIG. 9 is a schematic cross sectional view taken 
along line IX-IX in FIG. 5; 

FIG. 10 is a schematic circuit diagram of the 
third embodiment of the invention; 

FIG. 11 is a schematic circuit diagram of a switch 
circuit that can be used for the third embodiment of 
FIG. 10; 

FIG. 12 is a schematic circuit diagram of sub-data 
line drive circuit that can be used for the embodiment 
of FIG. 10; 

FIG. 13 is a main read-out data line drive circuit 
that can be used for the embodiment of FIG. 10; 

FIG. 14 is a schematic circuit diagram of the 
fourth embodiment of the invention; 

FIG. 15 is a schematic plan view of a chip formed 
by using DRAM sub macros of the fourth embodiment and 
those of the second embodiment; 

FIG. 16 is a schematic circuit diagram of the 
fifth embodiment of the invention; 



FIG. 17 is a schematic circuit diagram of a step- 
down circuit that can be used for the fifth embodiment 
of FIG. 16; 

FIGT~r8~i"s~a~~gr aph" ~i~riTfs Tfa^ "of 
the last step drivers of the step-down circuit of 
FIG. 17; 

FIG. 19 is a schematic block diagram of the sixth 
embodiment of the invention, illustrating its 
configuration; 

FIG. 20 is a schematic circuit diagram of the 
pulse generator of the embodiment of FIG. 19; 

FIG. 21 is a graph of waveforms illustrating the 
operation of the circuit of FIG. 20; 

FIG. 22 is a schematic circuit diagram of the 
pulse generator of the seventh embodiment of the 
invention; 

FIG. 23 is a graph of waveforms illustrating the 
operation of the circuit of FIG. 22; 

FIG. 24 is a schematic circuit diagram of the 
pulse generator of the eighth embodiment of the 
invention; 

FIG. 25 is a schematic circuit diagram of the 
pulse generator of the ninth embodiment of the 
invention; 

FIG. 26A is a graph of waveforms illustrating the 
operation of the circuit of FIG. 25 and FIG. 26B is a 
graph illustrating the operating characteristics of the 
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MOS capacitor; 

FIG. 27 is a schematic circuit diagram of the 
pulse generator of the tenth embodiment of the 

invention; — ■ — — - 

5 ■ FIG. 28 is a schematic circuit diagram of the 

pulse generator of the eleventh embodiment of the 
invention; 

FIG. 29 is a schematic circuit diagram of the 
pulse generator of the twelfth embodiment of the 
10 invention; 

FIG. 30 is an illustration of the operation of the 
circuit of FIG. 29; 

FIG. 31 is a schematic circuit diagram of the 
pulse generator of the thirteenth embodiment of the 
15 invention; 

FIG. 32 is a graph of waveforms illustrating the 
operation of the circuit of FIG. 31; and 

FIG. 33 is a schematic cross sectional view of a 
part of the DRAM macro of the fourteenth embodiment of 
20 the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Now, the present invention will be described by 
referring to the accompanying drawing that illustrates 
preferred embodiments of the invention. Throughout the 
25 drawing, the same components are denoted respectively 

by the same reference symbols. 
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(1st Embodiment) 

FIG. 1 is a schematic circuit diagram of the first 

embodiment of the invention. Referring to FIG. 1, a 
bulk~ region--!" and— an SOI- region— 6~ are formed— in a 
semiconductor substrate (not shown) . The bulk region 1 
has a substantially rectangular shape, while the SOI 
region 6 is arranged along two of the four sides of the 
bulk region 1. The bulk region 1 typically contains a 
plurality of memory segments 29 and a plurality of 
sub-data line sense amplifiers 5. . Each memory segment 
2 in turn contains a plurality of DRAM cells 2, a 
plurality of sense amplifiers 3 for amplifying the 
potentials of bit lines and a plurality of column 
selection gates 4. The DRAM cells 2 are arranged in 
the form of a matrix to produce a memory cell array. 

On the other hand, the SOI region 6 typically 
contains a plurality of word line selection circuits 7, 
a plurality of sense amplify control circuits (SACCs) 
8, a plurality of column selection circuits 9, a data 
line access control circuit (DLCC) 10, a plurality of 
data latch circuits 11, a plurality of main data line 
drive circuits 12 and a plurality of sub-data line 
drive circuits 13. 

In each memory segment 29, one of the DRAM cells 2 
arranged in the form of a matrix may be selected by 
means of a word line 14 and the selected DRAM cell 2 is. 
connected to either of a pair of bit lines 15, 16. The 
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pairs of bit lines are connected to respective sense 
amplifiers 3. Each sense amplifier 3 is adapted to 
amplify the very small potential difference that may be 
produced^ B^^en ^ii^p^2Tf~'oi "Sit" Txne s 1 5 7 16 " connected 
to it and, at the time of restoring data, charge the 
bit lines to a full potential to rewrite the data in 
the DRAM cell 2. Subsequently, the column selection 
gate 4 selected by the column selection circuits 9 
operate and the pair of bit lines 15, 16 are connected 
to a corresponding pair of sub-data lines 17. 

The pairs of bit lines 15, 16 are arranged at the 
smallest possible pitch that can be realized by 
lithography in order to realize a high degree of 
integration. On the other hand, the pairs of sub-data 
lines 17 are arranged in a wiring region located above 
the bit lines so as to allow a large wire width for 
high speed operation. For example, 128 pairs of sub- 
data lines may be arranged for 1,024 pairs of bit 
lines. 

Each pair of sub-data lines 17 are connected to a 
sub-data line sense amplifier 5, which amplifies the 
very small potential difference that may be produced 
between the pair of bit lines 15, 16 connected to it. 
The output signal of the sub-data line sense amplify 5 
is held in a corresponding data latch circuit 11. The 
data held in the data latch circuit 11 is then 
transmitted to a corresponding read-out main data line 



18 by way of a main data line drive circuit 12 
comprising a tri-state buffer 12. In a write 
operation, one of the sub-data line drive circuits 13 
receives — a~~ write data "f rom ~a~ corresponding" write-in 
main data line 19 and charges the corresponding sub- 
data lines 17 to a full potential. The potential of 
the sub-data lines 17 forcibly inverts the state of the 
corresponding sense amplifiers 3 by way of the 
corresponding column selection gates 4. 

The DRAM cells 2 and the column selection gates 4 
are transfer gates. A good cut off performance can not 
be realized when the transistors of the transfer gates 
are formed in the SOI region 6 due to the substrate 
floating effect. Therefore, the DRAM cells 2 and the 
column selection gates 4 are formed in the bulk region 
1. On the other hand, the sense amplifiers 3 and the 
sub-data line sense amplifiers 5 are formed of 
complementary latch circuits to amplify a very small 
potential difference by means of an analog operation. 
Such complementary circuits can not show a good 
amplifying performance when they are formed in the SOI 
region 6 because the transistors formed in the SOI 
region 6 show a hysteresis that the circuit 
characteristics can vary depending on the immediately 
preceding potential condition thereof. Therefore, both 
the sense amplifiers 3 and the sub-data line sense 
amplifiers 5 are formed in the bulk region 1. 



The remaining circuits are formed in the SOI 
region 6 in order to exploit the advantages of an SOI 
element including the high density that is possible due 
to the— unrequired-- we il— regions^ — the— high— current 
drivability due to the substrate floating effect and 
the low source/drain capacity due to the non-existence 
of PN junction in areas other than the channel regions. 

Some of the advantages of utilizing an SOI element 
for circuits other than the memory segments 29 will be 
described further. 

FIG. 2 is a schematic circuit diagram of a word 
line selection circuit 7 that can be used for the 
embodiment of FIG. 1. Normally, each DRAM cell is 
formed by an N-channel MOS transistor (to be referred 
to as an NMOS transistor hereinafter) and a capacitor 
in order to realize a high degree of integration. When 
the DRAM cell is in a selected state, the storage node 
of the capacitor and the bit lines need to be connected 
in a good condition. For this reason, a voltage higher 
than the supply voltage is applied to the word line 
selection circuit from a booster power source 21. The 
use of an SOI element is advantageous for a circuit 
requiring such a supply voltage and other power source 
because the SOI element does not need any well. 

Additionally, a large number of memory cells are 
normally connected to a word line. In the case of a 
cell array of 1 Mbit, for example, 2K memory cells are 



connected to a single word line. Then, the capacity of 
a word line will be about 1 pF including the wire 
capacity. The word line selection circuit is required 
"to have a "Iri^fi ^urreri 
operation. From this point of view, the use of an SOI 
element that can make a word line selection circuit 
have a high current drivability per unit gate width is 
advantageous . 

Still additionally, word lines are normally 
arranged at the smallest possible pitch that can be 
realized by lithography in order to realize a high 
degree of integration. Then, the circuits for driving 
the word lines also need to be arranged at a small 
pitch. For this reason, an AND circuit having a unique 
circuit configuration as shown in FIG. 2 may be used 
for the word line drive circuit. With such an 
arrangement, the sources of a large number of 
transistors are connected to each selection source node 
20. In the case of a cell array of 1 Mbit, the number 
of word lines will be as may as 512. Then, if four 
source nodes 20 are provided as shown in FIG. 2, 128 
source terminals will be connected to each source node 
20. When the word line drive circuit is formed by 
using a bulk element, the parasitic capacitance of the 
selection source nodes 20 will be as much as 5 pF, 
which obstructs any efforts for high speed operation 
and low power consumption for the circuit. On the 



contrary, the use of an SOI element for such a word 
line selection circuit can effectively suppress the 
junction capacitance and hence is advantageous for high 
speed operation and/or low power consumption. 

FIG. 3 is a schematic circuit diagram of column 
selection circuits 9 that can be used for the 
embodiment of FIG. 1. For the sake of convenience of 
description, only four column selection circuits 9 are 
shown in FIG. 3, although about 16 to 256 column 
selection circuits will normally be provided for a 
DRAM. If a DRAM comprises 64 column selection 
circuits, 6 bits column addresses will be required to 
select one of them. The column selection circuits 9 of 
FIG. 3 are formed by using domino circuits. Each 
domino circuit of FIG. 3 comprises six NMOS transistors 
that constitute a NAND circuit having six inputs. A 
total of 6-bit column addresses CA <0> through CA <5> 
or inverted signals thereof are supplied to each 
6-input NAND circuit. A potential is applied to an end 
of the current path of each NAND circuit as a function 
of the pulse signal 27 output from a delay circuit 26. 
When a column is not selected, the column selection 
timing signal CSLEp applied to it shows a low potential 
and the pulse signal 27 output from the delay circuit 
26 shows a high potential. Therefore, the source 
electrode 28a of each column selection circuit 9 is 
charged to a high potential. 
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As the potential of the column selection signal 
CSLEp is raised, the potential of the drain electrode 
28b of the 6-input is shifted from the high level to 
"the ldw'TeveT. ~" At" thTs~Fim^ 
5 transistors of the column selection circuit 9 that are 

selected by means of column address are brought into an 
electrically conducting state. As a result, the 
potential of the selected one of the column selection 
signals CSL <0> through CSL <63> is raised to the high 

10 level. Thereafter, the potential of the selected one 

of the column selection signals CSL <0> through 
CSL <63> is held to the high level during the period 
when the column selection timing signal CSLEp is at the 
high potential level. However, the potential of the 

15- selected one of the column selection signals CSL <0> 

through CSL <63> is brought down to the low level as 
the column selection timing signal CSLEp is brought 
down to the low potential level. 

On the other hand, the outputs of the column 

20 selection circuits 9 that are not selected by the 

column address are always held to the low potential 
level. The output signal 27 of the delay circuit 26 is 
brought down to the low potential level after the 
potential of the column selection timing signal CSLEp 

25 is raised to the high level and subsequently the column 

selection signals CSL <0> through CSL <63> are brought 
up to the high potential level. Therefore, the column 
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addresses CA <0> through CA <5> are taken into the 
column selection circuits 9 for a very short period of 
time between the rise of the potential of the column 

" sel~e~ctio~n^^ CSLEp~ancl~~tKe""f aTl - i of "the 

potential of the output signal 27 of the delay circuit. 

The domino circuits constituting the column 
selection circuits 9 are adapted to realize high speed 
operation with a limited number of elements. However, 
when a multi-input NAND circuit whose number of inputs 
is as many as six is formed by using ordinary bulk 
elements, the potential of the drain terminals 28a of 
the NMOS transistors arranged above and connected to 
them can be floating high. Then, the back gate effect 
appears to extremely reduce the current drivability of 
the circuit. Additionally, the operation of the 
circuit has to wait until the parasitic junction 
capacity of the intermediary terminals of the multi- 
input NMOS transistors that are arranged and connected 
in stages is fully charged and discharged to make it a 
very slow operation. At worst, there can arise a 
problem that a column selection signal is output from a 
column selection circuit 9 by the charging current of 
the junction capacity although the input column address 
is in an unselected state. 

On the other hand, when a multi-input NAND gate is 
formed by using SOI elements, no back gate effect 
appears in them. Additionally, since the junction 



capacity of an SOI element is very small, no problem 
arises due to the charging current of the intermediary 
terminals. In other words, no operation error occurs 
and t h e~ c o 1 umn- s ele c ti on~ c i r c u i ; t s t h a t™ c a n~ op e r ate at 
high speed can be formed with a limited number of 
elements by using SOI elements. 

FIG. 4 is a schematic circuit diagram of CMOS type 
column selection circuits formed by using bulk elements 
for the purpose of comparison with the column selection 
circuits of FIG. 3. Although the circuits of FIG. 4 
are not described in detail, it will be appreciated 
that the number of elements and the number of stages in 
which the gates are arranged and connected of the 
column selection circuit 9-1 of FIG. 4 are much greater 
than those of the corresponding column selection 
circuit of FIG. 3 that is realized by using SOI 
elements . 

As pointed out above, the sense amplifiers 3 and 
the column selection gates 4 are formed in the bulk 
region 1 of the above described first embodiment. As a 
result, the DRAM cells 2 and transfer gates of the 
column selection gates 4 show a good cutoff effect. 
Additionally, the sense amplifiers 3 show a good 
amplifying effect . 

Still additionally, a plurality of word line 
selection circuits 7 , a plurality of sense amplify 
control circuits 8, a plurality of column selection 



circuits 9, the data line access control circuit 10, a 
plurality of data latch circuits 11, a plurality of 
main data line drive circuits 12 and a plurality of 
s ub - da t a - l"a t ch — c tr c u ± t s~T3~ a r e~f o r me d "in~ t h e~~S or r e g io n 
6 so that they show a high current drivability, low 
power consumption rate and a high operation speed. 

The DRAM macro is not entirely formed in the bulk 
region 1 of the above described embodiment in order to 
avoid that the size of the bulk region 1 varies as a 
function of the capacity of the DRAM and make it always 
show substantially the same size. Additionally, not 
only the DRAM cells but also the sense amplifiers 3 and 
the column selection gates 4 are formed in the bulk 
region in order to avoid that the bulk region 1 is 
divided into small parts to increase the area of the 
buffer region. The buffer region is an area having a 
width of several micrometers where neither SOI elements 
nor bulk elements are formed. Thus, there arise a 
problem that, as the size of the buffer region is 
increased, chip size will be increased. 

Meanwhile, when a number of good bulk regions are 
formed in one chip, they need to be made substantially 
identical relative to each other in terms of size and 
shape. This will be described in greater detail below 
by referring to the second embodiment of the invention. 
(2nd Embodiment) 

FIG. 5 is a schematic circuit diagram of the 



second embodiment of the invention that is designed so 
as to be used for forming a large capacity DRAM macro. 

Referring to 5, a total of four bulk regions 1 are 

... f ormed___in_._a._s emi conduct or_s.ub.s-t rat e_ f or -the -second 

embodiment. Each bulk region 1 has a rectangular shape 
and typically contains four memory segments 29 in it. 
Each memory segment 29 in turn contains a plurality of 
DRAM cells 2, a plurality of sense amplifiers 3 and a 
plurality of column selection gates 4. The DRAM cells 
2 are those of about 1 Mbit that are arranged in the 
form of a matrix to produce a memory cell array. The 
1-Mbit memory segments are arranged in the direction of 
the bit lines 15, 16. On the other hand, pairs of data 
lines 17 are arranged in a wiring region located above 
the memory segments 29. For example, 128 pairs of sub- 
data line sense amplifiers 5 may be connected to the 
pairs of data lines 17. 

On the other hand, an SOI region 6 is arranged 
adjacent to the bulk region 1. The SOI region 6 
typically contains the word line selection circuit 7, 
the sense amplify control circuit 8, a plurality of 
column selection circuits 9, the data line access 
control circuit 10, a plurality of data latch circuits 
11, a plurality of main data line drive circuits 12 and 
the sub-data line drive circuits 13. 

A DRAM sub macro 30 of 4 Mbits is formed as memory 
region by the bulk region 1 containing four memory 



segments 29 and the SOI region 6. Then, a highly 
integrated 16-Mbit DRAM macro is formed by arranging 
four DRAM sub macros 30. 

~ "FI'G~6"~i"ST a~ schemat i~c~i~riu^ on 
chip realized by using such DRAM sub macros 30. 
Referring to FIG. 6, a 16-Mbit DRAM macro realized by 
using four DRAM sub macros 30, an 8-Mbit DRAM macro 
realized by using two DRAM sub macros 30 and a 4-Mbit 
DRAM macro realized by using a single DRAM sub macro 30 
are arranged on chip 31. Logic circuits are arranged 
to connect the DRAM macros. 

The DRAM sub macros 30 of the 16-Mbit DRAM macro 
and the 8-Mbit DRAM macro are arranged in the direction 
of read-out main data lines 18 and write-in main data 
lines 19 (not shown) . In FIG. 6, the DRAM sub macros 
30 of the 16-Mbit DRAM macro are arranged in parallel 
with the DRAM sub macros 30 of the 8-Mbit DRAM macro. 
However, the arrangement of DRAM sub macros 30 is not 
limited to the illustrated one and the DRAM sub macros 
30 of the 16-Mbit DRAM macro may alternatively be 
arranged in a direction perpendicular to the DRAM sub 
macros 30 of the 8-Mbit DRAM macro as shown in the 
circle of dotted line in FIG. 6. Then, the read-out 
main data lines 18 and the write-in main data lines 19 
(not shown) of the 8-Mbit DRAM macro are running 
perpendicularly relative to the read-out main data 
lines 18 and the write-in main data lines 19 of the 



16-Mbit DRAM macro (not shown) . 

Furthermore, the number of DRAM sub macros in each 
DRAM macro is not limited to the above described one. 
In other words, any number of DRAM sub macros may be 
used in each DRAM macro according to the specification 
of the chip. The number of DRAM sub macros may differ 
from DRAM macro 'to DRAM macro or may be same in all the 
DRAM macros. 

In the case of a system on chip where DRAM macros 
with the same or different memory capacities are 
arranged on a single chip, again, the bulk regions of 
the DRAM sub macros 30 can be made to show substan- 
tially the same size. 

FIG. 7 is a schematic illustration of a cache 
memory realized by using DRAM sub macros 30. The chip 
31 of a cache memory that is required to have large 
capacity DRAM macros can be mostly occupied by bulk 
regions. However, according to the invention, SOI 
regions can be arranged appropriately in a chip by 
using DRAM sub macros 30. Then, such a cache memory 
can effectively utilize the advantages of SOI elements 
to operate at high speed. 

FIG. 8 is a schematic plan view of an LSI 
dedicated to image processing and realized by using a 
DRAM sub macro 30 as shown in FIG. 5. Referring to 
FIG. 8, a DRAM sub macro 30 operating as a relatively 
small buffer memory of about 4 Mbits for storing an 



image and a high speed image processing logic circuit 
(graphic engine) 32 realized by using SOI elements are 
arranged on a single chip. Thus, the merged DRAM 
technology— can— be— applied— to -such- an— LSI— dedicated to 
image processing. A small bulk region is formed in 
part of the chip. 

The memory capacities of the DRAM macros in the 
above described three applications differ greatly from 
each other. However, in any case, the bulk regions can 
be made to be substantially identical in terms of size 
and shape. 

The areas and the sizes of the bulk regions 1 of 
the above described second embodiment are unified. 
When bulk regions having different shapes and areas* are 
formed, the manufacturing process needs to be optimized 
for each bulk region, which consequently raise the 
manufacturing cost. On the other hand, the 
manufacturing cost can be minimized by using bulk 
regions 1 whose areas and shapes are unified. 

Additionally, a uniform film quality can be 
realized for the bulk regions 1 that are epitaxial 
layers by unifying the shapes and areas thereof. Thus, 
the yield of manufacturing merged DRAM chips can be 
improved by using the partial SOI technology. 

FIG. 9 is a schematic cross sectional view taken 
along line IX-IX in FIG. 5. In FIG. 9, the components 
the same as those of FIG. 5 are denoted respectively by 



the same reference symbols. For the purpose of 
simplification, the elements in FIG. 9 are schematized. 
Additionally, it should be noted the upper wiring layer 
on the semiconductor substrate is not completely 
identical with that of FIG. 5 because it is partly 
omitted for the purpose of simplicity. 

Referring to FIG. 9, the semiconductor substrate 
(sub) is an SOI substrate where a buried insulating 
film is formed in advance. However, the present 
invention is by no means limited thereto, A bulk 
region 1 is formed on the SOI substrate by using the 
partial SOI technology. With the partial SOI 
technology, an opening is formed in the bulk forming 
region of the SOI substrate so as to make its bottom 
located below the buried insulating film and single 
crystal silicon is made to grow in the opening to close 
the latter and consequently produce a bulk region 
there • 

Thus, a bulk region 1 and an SOI region 6 are 
formed in the SOI substrate. DRAM cells 2 having a 
trench type capacitor 2-1, sense amplifiers 3, column 
selection gates 4 and sub-data line sense amplifiers 5 
are formed in the bulk region 1. 

Data latch circuits 11 and main data line drive 
circuits 12 are formed in semiconductor layer 6-2 on 
the buried insulating film 6-1 that is formed in the 
substrate . 



(3rd Embodiment) 

FIG. 10 is a schematic circuit diagram of the 
third embodiment of the invention. With the third 
embodimen ty~it ~i~s~~ pos s~i"bl~e~~t or bu±Td~a~da t a~"p"ath* 
structure and manufacture a high speed operation 
semiconductor memory device at low cost by utilizing 
SOI elements. 

In the third embodiment, DRAM cells 2 operating as 
memory cells, sense amplifiers 3, column selection 
gates 4 and sub-data line sense amplifiers 5 are formed 
in a bulk region 1 as in the case of the first and 
second embodiments. Therefore, only a bulk region 1 is 
schematically shown in FIG. 10 without illustrating any 
detailed circuit configuration. 

On the other hand, a plurality of data latch 
circuit 11, a plurality of main data line drive 
circuits 12 and an plurality of sub-data line drive 
circuits 13 are arranged in an SOI region 6. 
Additionally, switch circuits 33 are also arranged 
there as defect relieving circuits. When there is a 
defective memory cell, a defective bit line or a 
defective sub-data line, the corresponding switch 
circuit 33 switches the defective sub-data line to a 
spare sub-data line and connects the spare sub-data 
line to the main data line. As the switch circuit 33 
accesses a defective sub-data line in the circuit of 
FIG. 10, the latter is shifted either to the right side 
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or the left side in FIG. 10 by the switch circuit 33. 
As a result, the defective sub-data line is 
disconnected from the corresponding main data line and 
-the repl-a eing-sub- da t a -H-ne-tha t~oper a tes - normally- i s 
5 connected to the main data line. 

FIG. 11 is a schematic circuit diagram of switch 
circuits 33 that can be used for the third embodiment 
of FIG. 10. As shown in FIG. 11, each switch circuit 
33 comprises a 1-bit shift register 34, a carry control 
10 circuit 35, a read-out data line switch 36 and a write- 

in data line switch 37. The shift register 34 stores 
information that indicates that the corresponding sub- 
data line is defective. The output terminal of the 
shift register 34 is connected to the carry control 

15 circuit 35. The carry control circuit 35 performs a 

logic operation on the signal supplied from the 
adjacent switch circuit 33 and controls the read-out 
data line switch 36 and the write-in data line switch 
37 according to the outcome of the logic operation. 

20 FIG. 12 is a schematic circuit diagram of sub-data 

line drive circuit 13 that can be used for the 
embodiment of FIG. 10. Output signal WDO of the write- 
in data line switch 37 shown in FIG. 11, clock signal 
DSEp for controlling the timing of write-in operation 

25 and clock signal DQHZp for controlling the timing of 

read-out operation are supplied to the data input 
terminal of the corresponding sub-data line drive 
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circuit 13. 

With the above described circuit configuration, 
input data latch circuit 40 takes in the output signal 
WDO "of the ~wrTte~Tn^ as the clock 

signal DSEp is brought from the low potential level to 
the high potential level during a data writing 
operation. Then, in response, the drive circuit 42 is 
operated to bring one of the paired sub-data lines 17 
down to the low potential level. Thereafter, the input 
data latch circuit 40 keeps the received signal as long 
as the clock signal DSEp is held to the high potential 
level. Subsequently, both of the paired sub-data lines 
17 are precharged to the high potential level as the 
clock signal DSEp is brought down to the low potential 
level. 

The paired sub-data lines 17 have a length of 
about 1 mm. As many as about 16 to 128 column 
selection gates (not shown) are connected to the sub- 
data lines 17. Therefore, the load capacity of the 
sub-data lines 17 are as large as about 0.5 pF. The 
transistors 41 for driving the respective sub-data 
lines 17 are required to show a high current 
drivability in order to fully charge and discharge the 
large load capacity. 

SOI elements show a high current drivability if 
compared with bulk elements, due to the substrate 
floating effect. Therefore, the data paths can be made 



to operate at high speed and the overall layout 
dimensions can be reduced by using SOI elements for the 
sub-data line drive circuit 13. Note that the clock 
signal DQHZp is a signal that operates in the read-out 
operation and held to the low potential level in the 
write-in operation. 

FIG. 13 is a main read-out data line drive circuit 
12 that can be used for the embodiment of FIG. 10. 
Output signal RDO of the read-out data line, switch 36 
and clock signal RDEp for controlling the timing of 
read-out operation are supplied to the data input 
terminal of the main read-out data line drive 
circuit 12. 

As the signal RDEp is brought up to the high 
potential level from the low potential level in a read- 
out operation, the read-out data latch circuit 44 
latches the state of the data input terminal. At the 
same time, the main read-out data line drive transistor 
45 drives the main read-out data line 18. Thereafter, 
the input data latch 44 maintains its state as long as 
the clock signal RDEp is held to the high potential 
level and the main read-out data line drive transistor 
45 is brought into a high impedance state as the clock 
signal RDEp is brought to the low potential level. 

The main read-out data line 18 has a length of 
about 4 mm. In the case of the embodiment of FIG. 10, 
four data line drive transistors arranged in the 



respective bulk regions are connected in series to the 
main read-out data line 18. Thus, the load capacity of 
the main readout data line 18 is as large as about 1 pF 
or more r~ "The read-out data" line drive transistors 45 
shown in FIG. 13 are required to show a high current 
drivability in order to fully charge and discharge the 
large load capacity. SOI elements show a high current 
drivability if compared with bulk elements due to the 
substrate floating effect. Therefore, the data paths 
can be made to operate at high speed and the overall 
layout dimensions can be reduced by using SOI elements 
for the main read-out data line drive circuit 12. 

As described above, the sub-data line drive 
circuits 13, the main read-out data line drive circuits 
12 and the switch circuits 33 operating as defect 
relieving circuits of the data paths are formed by 
using SOI elements. The circuits constituting the data 
paths include a large number of transistors. 
Therefore, it is possible to exploit the advantages of 
SOI elements including small size and high drivability 
and manufacture high speed operating semiconductor 
devices at low cost by using SOI elements for the 
transistors . 

Additionally, a high manufacturing yield can be 
achieved by providing switch circuits 33 as defect 
relieving circuits. 
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(4th Embodiment) 

FIG. 14 is a schematic circuit diagram of the 
fourth embodiment of the invention that can be used to 
form a high speed DRAM macro \ Generally , short bit 
lines and word lines have to be used to suppress the 
parasitic capacity and the wiring resistance when 
forming a high speed DRAM macro. For this reason, the 
memory cells of high speed DRAM macros are divided into 
small groups if compared with ordinary DRAM macros 
having a comparable capacity. 

Thus, if only DRAM cells are formed in bulk 
regions, the size of each bulk region is reduced as the 
memory cells are divided into smaller groups. Then, a 
large number of buffer regions need to be arranged 
between SOI regions and bulk regions respectively to 
raise the overall area of the buffer regions. The net 
result will be a large chip size and a high 
manufacturing cost. 

In view of this problem, each 128K segment 29 is 
formed by using DRAM cells 2 of about 128 Kbits, about 
IK sense amplifiers 3 and column selection gates 4 in 
the fourth embodiment. 

Referring to FIG. 14, 32 128-Kbit segments 29 and 
128 sub-data line sense amplifiers 5 are arranged in 
each bulk region 1 having a substantially rectangular 
shape. A SOI region 6 is arranged along three 
continuous sides of each bulk region 1. More 



specifically, the SOI region 6 has a first semi- 
conductor region 6-a along one of a pair of parallel 
sides of the bulk region 1, a second semiconductor 
region ~6-b along - the other "of the pair of parallel 
sides and a third semiconductor region b-c between the 
first and second semiconductor regions 6-a, 6-b. 

Word line selection circuits (WSCs) 7, sense 
amplify control circuits 8, column selection circuits 9 
and sub-data line sense control circuits (SSCs) 10 are 
arranged in the first semiconductor region 6-a. Note 
that only the word line selection circuits (WSCs) 7 and 
the sub-data line sense control circuits (SSCs) 10 are 
shown in FIG. 14. Similarly, word line selection 
circuits (WSCs) 7, sense amplify control circuits 8 and 
column selection circuits 9 are arranged in the second 
semiconductor region 6-b, although only the word line 
selection circuits (WSCs) 7 are shown in FIG. 14. Data 
latch circuits (DLTs) 11, main data line drive circuits 
12 and sub-data line drive circuits 13 are arranged in 
the third semiconductor region 6-c. 

A 4 -Mbit DRAM sub macro 30-1 is formed by using a 
bulk region 1 and an SOI region 6. A high speed DRAM 
macro having a desired large capacity is realized by 
arranging the necessary number of 4-Mbit DRAM sub 
macros 30-1. 

With the above described fourth embodiment, the 
bit lines and the word lines are kept short to suppress 
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the parasitic capacity and the wiring resistance by 
dividing the memory segments 29 of each bulk region 1 
into small parts. Additionally, word line selection 
circuits' ?" and~dther ^il^uit^s "are arranged in. the first 
and second semiconductor regions 6-a, 6-b of each SOI 
region 6 that is formed along three of the four sides 
of the corresponding bulk region 1. With this 
arrangement, it is possible to realize a high speed 
DRAM macro. 

A 16-Mbit high speed. DRAM macro formed by using 
the fourth embodiment shows a surface area greater than 
that of the 16-Mbit DRAM macro of the second 
embodiment. However, the DRAM macro of the fourth 
embodiment can operate at a speed higher than the DRAM 
macro of the second embodiment. Therefore, the 
performance and the cost of a DRAM macro can be 
optimized by selecting an optimal configuration for the 
DRAM macro depending on the application thereof. 
Meanwhile, there may be occasions where two DRAM macros 
with different characteristics have to be mounted on 
one chip. 

FIG. 15 shows an arrangement where a 32-Mbit 
highly integrated DRAM macro is formed by using DRAM 
sub macros 30 of the second embodiment and two high 
speed operating 8-Mbit DRAM macros formed by using DRAM 
sub macros 30-1 of the fourth embodiment. 

With such an arrangement again, the bulk regions 
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can be made to show substantially the same area. In 
other words, the partial SOI technology can be used 
reliably for such an arrangement so that it is possible 
to manuf acture a "high speed"operatrng" system~LSI " at low 
cost. 

(5th Embodiment) 

FIG. 16 is a schematic circuit diagram of the 

fifth embodiment of the invention, which is a low 
voltage semiconductor memory device showing a low power 
consumption rate and realized by utilizing the partial 
SOI technology. 

The bulk region 1 illustrated in FIG. 16 has a 
configuration substantially the same as that of FIG. 5. 
More specifically, a total of four memory segments 29 
are formed in each bulk region 1. Each memory segment 
29 contains DRAM cells 2 forming a memory cell array, 
word lines 14, bit lines 15, 16, sense amplifiers 3, 
column selection gates 4 and sub-data line sense 
amplifiers 5 connected to the corresponding DRAM 
cells 2 . 

On the other hand, each SOI region 6 contains word 
line selection circuits (WSCs) 7, sense amplifier 
control circuits (SACCs) 8, column selection circuits 
(CSCs) 9, data line access control circuits (DLCCs) 10, 
data latch circuits (DLTs) 11, main data line drive 
circuits 12 and sub-data line drive circuits 13. 
Additionally, the last step drivers 4 6 of a 
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step-down circuit 47, which will be described 
hereinafter, are arranged in the SOI region 6. Each of 
the last step drivers 46 typically comprises an NMOS 
trans-i-stor-and -operates as a- step-down power source VAA 
that steps down the supply voltage VDD. The step-down 
power source VAA operates as a power source for the 
corresponding sense amplify 3. 

Of the plurality of bulk regions 1, the bulk 
region 1 located at the top in FIG. 16 has an extended 
bulk region 49, which contains a step-down control 
circuit 48. The last-step drivers 46 are controlled by 
the output voltage of the step-down control circuit 48. 

FIG. 17 is a schematic circuit diagram of a step- 
down circuit 47 that can be used for the fifth 
embodiment of FIG. 16. In FIG. 17, only one last step 
driver in the last step drivers is drawn. As pointed 
out above, the step-down circuit 47 is formed by a 
step-down control circuit 48 and the last step driver 
4 6 and the output terminal of the last step driver 46 
is connected to the power supply terminals of the sense 
amplifiers 3. The step-down control circuit 4 8 
comprises a detecting section 48-1, a comparator 48-2 
and a voltage generating section 4 8-3. The detecting 
section 48-1 detects the gate voltage applied to the 
gate electrode of the last step driver 46. The 
comparator 48-2 compares the gate voltage detected by 
the detecting section 48-1 and reference voltage VREF. 



The voltage generating section 48-3 generates a gate 
voltage according to the output signal of the 
comparator 48-2. The generated gate voltage is applied 
to the gate electrode of the last step driver 46. 

What is characteristic here is that the step-down 
control circuit 48 and the sense amplifiers 3 are 
formed by using bulk elements so as to do analog 
operations and only the last step driver 46 is formed 
by using an SOI element. 

The NMOS transistor of the last step driver 46 
operates in a biased condition of the source follower. 
The NMOS transistor is a huge transistor whose overall 
channel width is as huge as 20 mm so as to make it 
operate in a sub-threshold region. 

FIG. 18 is a graph illustrating the Vgs-Ids 
relationship of the above NMOS transistor. Normally, 
the Vg-Id characteristic of an NMOS transistor is 
expressed by a graph where the horizontal axis 
represents the gate voltage (Vgs) and the vertical axis 
represents the drain current (Ids) . Note, however, in 
the graph of FIG. 18, the vertical axis represents the 
negative gate voltage (-Vgs) and the horizontal axis 
represents the drain current as expressed in 
logarithmic terms (log (Ids) ) . 

The static characteristics of the NMOS transistor 
can be expressed in terms of the load characteristics 
of the step-down circuit 74. Then, the horizontal axis 
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represents the load current of the step-down power 
source and the vertical axis represents the output 
voltage under the given conditions. Therefore, if the 
gate voltage of the NMOS transistor is Vg, the step- 
down voltage VAA is expressed by the formula below. 
VAA = Vg - Vgs 

A plurality of sense amplifiers 3 operate 
simultaneously in a write/read operation of a DRAM. 
Therefore, the write/read current shows a large peak 
value. When a total of 2K bit line pairs having a 
parasitic capacity of 100 fF are driven to IV in a 
period of Ins, a peak current of 200 mA will be 
required. Even when such a load current flows, the 
last step driver 4 6 having an overall channel width of 
20 mm of the circuit shown in FIG. 1.7 can be regarded 
to be operating in a sub-threshold characteristic 
region. Therefore, when the gate voltage Vg is held to 
a constant level, the output voltage VAA (200 mA) of 
the last step driver 46 for the current of 200 mA is 
expressed by the formula below. 
VAA (200 mA) = Vg - 0.7V 

On the other hand, when the sense amplifiers 3 are 
not operating or the bit lines are held to a full 
amplitude so as to remain in a stable state, the load 
current becomes as small as 10 pA which is practically 
equal to nil. From FIG. 18, it will be seen that the 
output voltage in this state is expressed by the 
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formula below. 

VAA (10 |0A) = Vg - 0,45V 

A step-down circuit 47 having a source follower 
type last; stepliHver 4 6" as - shown iri" FIG. 18" provides 
an advantage in allowing the load current to vary over 
a wide range. On the other hand, however, it is 
accompanied by a disadvantage that the output voltage 
can change depending on the load current because the 
step down control circuit 4 8 does not refer to the 
output voltage of the last step driver 46. The 
variance of the output voltage depends on the sub- 
threshold characteristics of the last step driver 46. 

The sub-threshold performance of an SOI element is 
expressed by 60 mV/dec which is smaller than the 
corresponding value of 100 mV/dec of a bulk element. 
Therefore, the use of an SOI element for the last step 
driver 4 6 is advantageous for forming a step down 
circuit adapted to a semiconductor memory device. 

In the above described fifth embodiment, the step 
down control circuit 48 of the step down circuit 74 is 
arranged in the bulk region 1, while the last step 
driver 4 6 is arranged in the SOI region 6. Differently 
stated, the last step driver 46 is formed in the SOI 
region that separates the two adjacent bulk regions 1. 
Additionally, the last step driver 4 6b is arranged in a 
distributed way so as to be located near a circuit that 
needs a stepped down voltage, such as a sense amplifier 
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3. As a result, the voltage fall of the supply 
potential that can be produced by the parasitic 
resistance of the power supply line from the last step 
driver.. ..4-6— to- the sense amplify 3 can be minimized. 

Furthermore, a single potential control circuit 48 
is arranged in the extended bulk region 49 shown at the 
top in FIG. 16. Generally, a semiconductor memory 
device requires a power supply control circuit that 
does analog operations. The area occupied. by the 
circuit is very small relative to the area of the 
memory cell array. Therefore, a bulk region necessary 
for analog circuits can be secured by extending the 
bulk region 1 into a top area in FIG. 16 to such a 
small extent that the stability of the partial SOI 
process may not be damaged by it. 

(6th Embodiment) 

Now, the sixth embodiment of the present invention 
will be described below. Semiconductor devices require 
various internal pulse signals for them to be driven to 
operate. Such internal pulses are generated by a pulse 
generator according to a clock signal CLK. A pulse 
generator generally comprises a CR delay circuit 
typically formed by arranging a capacitor C and a 
resistor R and a logic circuit to which the output 
signal of the CR delay circuit is supplied. Such a 
pulse generator is so required that the pulse signal it 
generates does not change as a function of the supply 
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voltage and it has operating characteristics that make 
it possible to generate an accurate internal pulse 
signal from a clock signal CLK that is made to show a 

high* frequency; ~ ~ 

FIG. 19 is a schematic block diagram of the sixth 
embodiment. In FIG. 19, the components same as or 
similar to those of the embodiment shown in FIGS. 1 and 
3 are denoted respectively by the same reference 
symbols. FIG. 19 shows a pulse generator 51 typically 
adapted to generate a column selection timing signal 
CSLEp as illustrated in FIG. 3. The pulse generator 51 
is formed in SOI region 6 along with a word line 
selection circuit 7, a column selection circuit 9, a 
row decoder 52 and a column decoder 53. Memory segment 
29/ a plurality of sense amplifiers 3 and a plurality 
of column selection gates 4 are formed in bulk region 1. 

The pulse generator 51 generates a column 
selection timing signal CSLEp according to a clock 
signal CLK. The column selection timing signal CSLEp 
is supplied to the column selection circuit 9 with the 
output signal of the column decoder 53. The column 
selection signals CSL (0) through CSL (n-1) output from 
the column selection signal 9 are supplied to the 
plurality of column selection gates 4. The data read 
out from the memory segment 29 can be subjected to 
burst transfer as a narrow and highly accurate pulse 
signal is output from the pulse generator 51 and the 



- 40 - 



column selection signals CSL (0) through CSL (n-1) are 
sequentially output in response to the output signal of 
the column decoder. Note that the detailed circuit 
diagrams ~of -the -row^related- circuits ~are omitted in 
5 FIG, 19. 

FIG. 20 is a schematic circuit diagram of the 
pulse generator 51 of the embodiment. 

The pulse generator 51 illustrated in FIG. 20 
comprises a delay circuit 61 to which clock signals CLK 

10 is supplied, a NAND circuit 62 and an inverter circuit 

63. The clock signal CLK is supplied to the first 
input terminal of the NAND circuit 62 and also to the 
delay circuit 61. The delay signal DLS output from the 
delay circuit 61 is supplied to the second input 

15 terminal of the NAND circuit 62. The output terminal 

of the NAND circuit 62 is connected to the input 
terminal of the inverter circuit 63. Column selection 
timing signal CSLEp is output from the output terminal 
of the inverter circuit 63. Note that, in the 

20 following description, column selection timing signal 

CSLEp is simply referred to as pulse signal CSLEp. 

The delay circuit 61 comprises P-channel MOS 
transistors PT1, PT2 , a resistor R, an N-channel MOS 
transistor NT1 and a capacitor C. The transistor PT1, 

25 the resistor R and the transistor NT1 are connected in 

series between the power source and the ground to 
constitute an inverter circuit INV. Clock signal CLK 



is supplied to the gates of the transistors PT1, NT1 . 
The connection node CN, connecting the transistor PT1 
with the resistor R, operating as output terminal of 
the delay "circuit— 61~ is connected to the second input 
terminal of the NAND circuit 62. The transistor PT2 
and the capacitor C are connected in series between the 
connection node CN and the ground. The gate of the 
transistor PT2 is grounded and power is supplied from 
the power source to the substrate. 

Now, the operation of the above pulse generator 51 
will be. described below by referring to FIG. 21. 

When the clock signal CLK is at level LOW, the low 
level signal is input to the inverter circuit INV in 
the delay circuit 61 to bring the transistor PT1 and 
the transistor NT1 respectively to ON state and OFF 
state. As a result, the capacitor C is charged by way 
of the transistor PT1 and the transistor PT2. At this 
time, the first input terminal of the NAND circuit 62 
is at level LOW, while the second input terminal of the 
NAND circuit 62 is at level HIGH. Thus, the output 
signal of the NAND circuit 62 is at level HIGH and the 
pulse signal CSLEp output from the inverter circuit 63 
is at level LOW. 

Thereafter, as the clock signal CLK is brought up 
to level HIGH, the output signal of the NAND circuit 62 
is brought down to level LOW and the pulse signal 
CSLEpi is brought up to level HIGH. 
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As the clock signal CLK is brought up to level 
HIGH, a high level signal is supplied to the inverter 
circuit in the delay circuit 61. Thus, the transistor 
PT1 is~"b"rought to OFF state "while the transistor NT1 is 
brought to ON state so that the capacitor C starts 
discharging. In the initial stages of the electric 
discharge, the delay signal DLS remains at level HIGH. 
Therefore, the transistor PT2 is at ON state in its 
linear region of operation. Subsequently, as the 
electric discharge of the capacitor C proceeds, the 
electric potential of the delay signal DLS falls and 
eventually the delay signal DLS is judged to be at 
level LOW by the NAND circuit 62. As the electric 
potential of the delay signal DLS falls below the 
threshold voltage Vth_inv so that the delay signal DLS 
is judged to be at level LOW by the inverter circuit 63, 
the pulse signal CSLEp is brought down to level LOW. 

As the electric potential of the delay signal DLS 
falls further to get to the absolute value of | Vthp | 
(< Vth_inv) of the threshold voltage of the transistor 
PT2, the transistor PT2 is brought to OFF state. As 
the transistor PT2 is brought to OFF state, the 
capacitor C is isolated from the connection node CN. 
As a result, the potential of the connection node CN is 
made to rapidly approach the ground potential by the 
inverter circuit INV. In other words, as the potential 
of the delay signal DLS is brought down below the 



threshold voltage Vth_inv of the inverter circuit INV, 
the edge of the pulse signal CSLEp becomes sharper (as 
indicated by a solid line in the area surrounded by a 

broken —line -in— FIG-i— 2i)- i 

The operation of the logic circuit formed by the 
NAND circuit 62 and the inverter circuit 63 depends on 
the supply voltage to a large extent. The pulse width 
of the pulse signal CSLEp can be defined more 
accurately when the delay signal DLS input to the logic 
circuit has a sharp edge (as indicated by solid lines 
in FIG. 21) than when the delay signal DLS has a mild 
edge (as indicated by a broken line in FIG. 21) . In 
other words, the supply voltage dependency of the pulse 
width can be reduced. 

With the sixth embodiment, the capacitor C is 
connected between the connection node CN of the 
inverter circuit INV of the delay circuit 61 and the 
ground by way of the P-channel MOS transistor PT2 whose 
gate electrode is grounded. Therefore, when 
electricity is discharged from the capacitor C, the 
transistor PT2 is turned off as the electric potential 
of the delay signal DLS falls below the threshold 
voltage of the transistor PT2 and the capacitor C is 
isolated from the connection node CN. As a result, the 
electric potential of the delay signal DLS can be made 
to fall quickly by the inverter circuit INV. Thus, the 
lower end of the pulse signal CSLEp can be made to show 



a sharp edge by reducing the influence of the logic 
circuit that is formed by the NAND circuit 62 and the 
inverter circuit 63 and shows supply voltage dependency 

Additionally, the pulse generator' 51 can rapidly 
lower the level of the delay signal DLS . Therefore, 
its response characteristics can be prevented from 
being degraded to make it possible to operate at high 
speed when the frequency of the clock signal CLK is 
raised. 

Furthermore, since the pulse generator 51 is 
formed in the SOI region 6, it can operate at high 
speed to show a high current drive capability and a low 
power consumption rate. 

(7th Embodiment) 

FIGS . 22 and 23 schematically illustrate the 
seventh embodiment of the invention. In FIGS. 22 and 
23, the components same as or similar to those of the 
sixth embodiment are denoted respectively by the same 
reference symbols. 

In the pulse generator 51 of FIG. 20, the 
capacitor C is charged to show a potential equal to the 
supply voltage. Different from the sixth embodiment, 
the capacitor C of the pulse generator 51 of this 
embodiment is made to show a charged potential that is 
equal to the ground potential. 

Referring to FIG. 22, clock signal CLK is supplied 
to the first input terminal of NOR circuit 72 and delay 



circuit 61 by way of inverter circuit 71. The delay 
signal DLS output from the delay circuit 61 is supplied 
to the second input terminal of the NOR circuit 72. 

"In" saTd'deXay circuit 61, N-chanriel MOS transistor 
NT2 and capacitor C are connected between the 
connection node CN of resistor R and transistor NT1 and 
the power source. The supply voltage is applied to the 
gate electrode of the transistor NT2 and the substrate 
is grounded. 

As shown in FIG. 23, the capacitor C of the pulse 
generator 51 is charged to the ground potential when 
the clock signal CLK is at level LOW. The pulse 
generator 51 operates substantially same as its 
counterpart of the sixth embodiment. When the clock 
signal CLK is brought to level HIGH, the transistor PT1 
is turned on and the capacitor C starts discharging. 
Immediately after the start of the discharge, the 
transistor NT2 is at ON state in its linear region of 
operation. The transistor NT2 is brought to OFF state 
when the potential of the delay signal DLS rises to the 
level of Vdd - Vthn that is higher than the threshold 
voltage Vth_inv at which it is judged to be at level 
HIGH by the NOR circuit 72. Note that Vdd is the 
supply voltage and Vthn is the threshold voltage of the 
transistor NT2. As the transistor NT2 is brought to 
OFF state, the potential of the delay signal DLS rises 
sharply. As a result, the lower end of the pulse 



signal CSLEp is made to show a sharp edge. 

The seventh embodiment provides advantages similar 
to those of the sixth embodiment. 

("8'tTT ~EmB^Xmerit) 

FIG. 24 schematically illustrates the eighth 
embodiment of the invention. In FIG. 24 , the 
components same as or similar to those of FIG. 20 are 
denoted respectively by the same reference symbols. 
This embodiment will be described only in terms of the 
difference between this embodiment and that of FIG. 20. 

Referring to FIG. 24 , the capacitor C is formed by 
using a MOS capacitor that utilizes an N-channel MOS 
transistor. The capacitance of a MOS capacitor that 
utilizes an N-channel MOS transistor maintains a 
constant level so long as a voltage not lower than the 
threshold voltage Vthn of an nMOS transistor is applied 
to its gate electrode. However, the capacitance is 
reduced rapidly when the voltage being applied to the 
gate electrode falls under the threshold voltage Vthn. 
A MOS capacitor that utilizes an N-channel MOS 
transistor shows such power source dependency. It will 
be appreciated that only an operating zone where the 
capacitance is held to a constant level can be 
selectively used by making the timing of turning off 
the P-channel MOS transistor PT2 come earlier than the 
timing at which the capacitance of the MOS capacitor 
begins to be reduced rapidly. Such a timing can be 



selected by defining the relationship between the 
threshold voltage of the P-channel MOS transistor PT2 
and that of the MOS capacitor to be | Vthp | > Vthn. 
"The timing-of turning- o 

PT2 can be made to come earlier than the timing at 
which the capacitance of the MOS capacitor begins to be 
reduced rapidly by defining the relationship of the 
threshold voltages in this way. 

Since the pulse generator 51 of FIG. 24 operates 
substantially same as its counterpart of the sixth 
embodiment of FIG. 20, it will not be described here 
any further. 

The above described eighth embodiment provides 
advantages same as those of the sixth embodiment. 
Furthermore, it provides an additional advantage that 
the number of steps for manufacturing the capacitor can 
be reduced by using a MOS capacitor. 

(9th Embodiment) 

FIG. 25 schematically illustrates the ninth 
embodiment. In FIG. 25, the components same as or 
similar to those of the sixth embodiment are denoted 
respectively by the same reference symbols. 

In the pulse generator 51 of FIG. 25, clock signal 
CLK is supplied to the first input terminals of first 
and second flip-flop circuits FF1, FF2 . The first 
flip-flop circuit FF1 is formed by using NAND circuits 
71, 72, whereas the second flip-flop circuit FF2 is 



formed by using NOR circuits 73, 74. The second input 
terminal of the first flip-flop, circuit FF1 is 
connected to the connection node CN that operates as 
the output terminal- of the— delay circuit- 61~ ~ The 
output terminal of the first flip-flop circuit FF1 is 
connected to the second input terminal of the second 
flip-flop circuit FF2 . The output terminal of the 
second flip-flop circuit FF2 is connected to the input 
terminal of the delay circuit 61. In the delay circuit 
61, a capacitor C is connected between the connection 
node CN and the ground. 

In the pulse generator 51 of FIG. 25, the 
capacitor C is charged by utilizing pulse signal CSLEp 
output from the second flip-flop circuit FF2 . More 
specifically, in the second flip-flop circuit FF2, the 
output signal of the NOR circuit 73 that operates as 
output node showing a polarity opposite to that of 
the clock signal CLK is supplied to the delay 
circuit 61. The first flip-flop circuit FF1 connected 
between the delay circuit 61 and the second flip-flop 
circuit FF2 operates to prevent oscillation of the 
output pulse signal due to negative feedback form 
occurring. 

The operation of the pulse generator 51 will be 
described below by referring to FIG. 26A. When the 
clock signal CLK is at level LOW, the output signal of 
the RAND circuit 72 is at level HIGH without fail. 



Therefore, the NAND circuit 71 operates as an inverter 
circuit that outputs an inverse signal of delay signal 
DLS. Similarly, the NOR circuit 74 operates as an 
" invert er~c±rcu±t~that™o — 
pulse signal CSLEp. Under this condition, inverted 
pulse signal CSLEp from the NOR circuit 74 is supplied 
to one of the two input terminals of the NOR circuit 73 
while the pulse signal CSLEp that has passed through 
the inverter circuit INV in the delay circuit 61 and 
the NAND circuit 71 is supplied directly to the other 
input terminal. Since signals that are inverted 
relative to each other are supplied respectively to the 
two input terminals of the NOR circuit 73, the pulse 
signal CSLEp output from the NOR circuit 73 is 
initialized to be at level LOW. At this time, the 
capacitor C in the delay circuit 61 is charged and the 
delay signal DLS is brought up to level HIGH. 

Thereafter, as the clock signal CLK is brought up 
to level HIGH, the first flip-flop circuit FF1 holds 
the output signal of the NAND circuit 71 to level LOW. 

On the other hand, as the clock signal CLK is 
brought up to level HIGH, the output signal of the NOR 
circuit 74 is inverted to level LOW. Therefore, both 
of the two input terminals of the NOR circuit 73 are 
brought down to level LOW and the pulse signal CSLEp is 
brought up to level HIGH. As the pulse signal CSLEp 
goes up to level HIGH, the transistor NT1 of the 
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inverter circuit INV of the delay circuit 61 is turned 
on to make the capacitor C starts discharging. 

In the initial stages of the electric discharge of 
the capacitor ,C,-„the_ delay— signal DLS is -held—tcx. level 
HIGH. Therefore, the output signal of the NAND circuit 
71 is held to level LOW and the pulse signal CSLEp is 
held to level HIGH regardless of the state of the clock 
signal CLK. As the discharge of the capacitor C 
progresses and the delay signal DLS is judged to be at 
level LOW by the NAND circuit 71, the output signal of 
the NAND circuit 71 is brought up to level HIGH. As 
the output signal of the NAND circuit 71 is brought up 
to level HIGH, the pulse signal CSLEp that is the 
output signal of the NOR circuit 73 is brought down to 
level LOW. As the pulse signal CSLEp is brought down 
to level LOW, the capacitor C in the delay circuit 61 
starts to become charged. As the charge of the 
capacitor C progresses and the delay signal DLS is 
judged to be at level HIGH by the NAND circuit 71 while 
the clock signal CLK is at level HIGH, the output 
signal of the NAND circuit 72 is held to the current 
state, or level LOW. Therefore, the output signal of 
the NAND circuit 71 is held to level HIGH and the pulse 
signal CSLEp is held to level LOW. 

On the other hand, as the charge of the capacitor 
C progresses and the delay signal DLS is judged to be 
at level HIGH by the NAND circuit while the clock 
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signal CLK is at level LOW, the circuit is initialized 
in a manner as described above. Then, consequently, 
the pulse signal CSLEp is held to level LOW and the 

~ -c apa ei-fcor -G -i s— charged . 

FIG. 26B shows the characteristics of the MOS 
capacitor. The capacitance of the MOS capacitor is 
reduced as the discharge of the MOS capacitor 
progresses and the voltage applied to the MOS capacitor 
comes close to the threshold voltage Vth_capn of the 
MOS capacitor. Therefore, the discharge voltage falls 
as the discharge of the MOS capacitor proceeds. Thus, 
the discharge output voltage can be prevented from 
lowering mildly. 

In FIG. 26B, the broken line indicates the 
capacitance when the MOS capacitor is formed within the 
bulk region and the solid line indicates the 
capacitance when the MOS capacitor is formed within the 
SOI region. Thus, the capacitance can be made to fall 
more sharply by forming the MOS capacitor in the SOI 
region. Therefore, the delay signal can be made to 
fall rapidly without using a P-channel MOS transistor 
PT2 as in the case of the circuit of FIG. 24 by forming 
the capacitor C in the delay circuit 61 by means of a 
MOS capacitor and arranging the MOS capacitor in the 
SOI region. 

In the above described ninth embodiment, the 
output pulse signal of the pulse generator is utilized 
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to charge the capacitor C. Therefore r a sufficiently 
long charging time can be secured and the capacitor C 
can be charged quickly. Thus, it is possible to 

ge n era.tje_a„.p„ulse__.si.gnal_.hi.ghl y_.ac.cu r a_t_e 1 y__ i n_ _a„ 

semiconductor integrated circuit the operate at high 
speed, using a high frequency clock signal CLK. 
(10th Embodiment) 

FIG. 27 schematically illustrates the tenth 
embodiment of the invention. In FIG. 27 , the 
components same as or similar to those of FIG. 25 are 
denoted respectively by the same reference symbols. 
This embodiment will be described only in terms of the 
difference between this embodiment and that of FIG. 25. 
The pulse generator 51 of FIG. 27 is realized by using 
a third flip-flop circuit FF3 that comprises NAND 
circuits 81, 82 for the logic circuit for generating 
pulse signal CSLEp in place of the second flip-flop 
circuit FF2 comprising a NOR circuit. Clock signal CLK 
is supplied to the first input terminal of the third 
flip-flop circuit FF3 by way of inverter circuit 84 and 
the output signal of the first flip-flop circuit FF1 is 
supplied to the second input terminal of the third 
flip-flop circuit FF3 by way of inverter circuit 83. 
The output terminal of the third flip-flop circuit FF3 
is connected to inverter circuit 85 and pulse signal 
CSLEp is output from the output terminal of the 
inverter circuit 85. The pulse signal CSLEp is 
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supplied to the delay circuit 61. 

The waveform of the pulse produced by the 
operation of the pulse generator 51 of FIG. 27 is 
simi-l-ar to™the one-rllustrated in— F-IG. 2 6A. — Firstly , 
when the clock signal CLK is at level LOW, the output 
signal of the NAND circuit 72 is brought up to level 
HIGH without fail and the NAND circuit 71 operates as 
inverter circuit that outputs an inverse signal of the 
delay signal DLS. Additionally, the NAND circuit 82 
operates as inverter circuit that outputs an inverse 
signal of the output signal of the NAND circuit 81. 
Under this condition, the output signal of the NAND 
circuit 81 that is inverted by the NAND circuit 82 is 
supplied to one of the two input terminals of the NAND 
circuit 81 and the output signal of the NAND circuit 81 
that has passed through the inverter circuit 85, the 
inverter circuit INV, the NAND circuit 71 and the 
inverter circuit 83 is supplied to the other input 
terminal of the NAND circuit 81. Thus, the output 
signal of the NAND circuit 81 is brought up to level 
HIGH. Therefore, the pulse signal CSLEp output from 
the inverter circuit 85 is initialized to level LOW. 

The transistor PT1 of the inverter circuit INV in 
the delay circuit 61 is turned on in response to the 
pulse signal CSLEp and the capacitor C is charged. As 
a result, the delay signal DLS is brought up to level 
HIGH. 



Thereafter, as the clock signal is brought up to 
level HIGH, the output signal of the NAND circuit 71 of 
the first flip-flop circuit FF1 is held to level LOW as 
long as the" clock signal" CLK"is remains at" "level " LOW. 

On the other hand, as the clock signal CLK is 
brought up to level HIGH, the output signal of the NAND 
circuit 82 is inverted to level HIGH. As a result, 
both of the two input signals. of the NAND circuit 81 
are brought up to level HIGH and the output pulse 
signal CSLEp is also brought up to level HIGH. As the 
pulse signal CSLEp gets to level HIGH, the transistor 
NT1 of the inverter circuit INV in the delay circuit 61 
is turned on. Therefore, the capacitor C starts 
discharging. 

In the initial stages of the discharge, the delay 
signal DLS remains at level HIGH. Therefore, the 
output signal of the NAND circuit 71 is held to level 
LOW regardless of the state of the clock signal CLK. 
Thus, the output pulse signal CSLEp is held to level 
HIGH. 

As the discharge of the capacitor C progresses and 
the delay signal DLS is judged to be at level LOW by 
the NAND circuit 71, the output signal of the NAND 
circuit 71. is brought up to level HIGH. As the output 
signal of the NAND circuit 71 is brought up to level 
HIGH, the output signal of the NAND circuit 81 is also 
brought up to level HIGH and therefore the output pulse 
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signal CSLEp is brought down to level LOW . As the 
output pulse signal CSLEp gets to level LOW, the 
capacitor C of the delay circuit 61 starts to be 
charged. ^As" the charge of ""the capacitor C~ progresses 
and the delay signal DLS is judged to be at level HIGH 
by the NAND circuit 71, the output signal of the NAND 
circuit 72 maintains its current level LOW so long as 
the clock signal CLK is at level HIGH. As long as the 
clock signal CLK is at level HIGH, the output signal of 
the NAND circuit 71 is held to level HIGH and the 
output pulse signal CSLEp is held to level LOW. 

As the charge of the capacitor C progresses and 
the delay signal DLS is judged to be at level HIGH by 
the NAND circuit 71 while the clock signal CLK is at 
level LOW, the circuit is initialized in a manner as 
described above. Then, consequently, the pulse signal 
CSLEp is held to level LOW and the capacitor is charged 

The above described tenth embodiment provides 
advantages similar to those of the ninth embodiment. 

(11th Embodiment) 

FIG. 28 schematically illustrates the eleventh 
embodiment of the invention, which is obtained by 
modifying the tenth embodiment. In FIG. 28, the 
components same as or similar to those of FIG. 27 are 
denoted respectively by the same reference symbols. 
This embodiment will be described only in terms of the 
difference between this embodiment and that of FIG. 27. 



- 56 - 



Referring to FIG. 28, the third flip-flop circuit 
FF3 comprises a 3-input NAND circuit 86. The output 
signal of the NAND circuit 82, the output signal of the 
~ invetrt~e~r~ c~ir^tr±t""83" - ana"~1:Ke Output" sl~gn" a 1" of "the "delay 
circuit 61 are supplied to the respective input 
terminals of the NAND circuit 86. 

With the eleventh embodiment, the delay signal DLS 
output from the delay circuit 61 is directly supplied 
to the NAND circuit 86. Thus, the signal for inverting 
the output signal of the third flip-flop circuit FF3 
does not pass through the NAND circuit 71 and the 
inverter circuit 83. Therefore, this embodiment 
provides an additional advantage that, when the output 
pulse signal CSLEp is raised, the delay time from the 
rising edge does not heavily rely on the supply voltage. 
(12th Embodiment) 

FIG. 29 schematically illustrates the twelfth 
embodiment of the invention. Referring to FIG. 29, a 
master/slave type delay flip-flop circuit 91 having a 
reset input signal is connected to the output terminal 
of the delay circuit 61. The pulse signal CSLEp output 
from the master/slave type delay flip-flop circuit 91 
is supplied to the delay circuit 61. The master/slave 
type delay flip-flop circuit 91 has NAND circuits 91a, 
91b, inverter circuits 91c, 91d, 91e, clocked inverter 
circuits 91f, 91g, 91h and a transfer gate 91i. The 
NAND circuit 91a and the clocked inverter circuit 91f 
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constitute a master cell, while the NAND circuit 91b 
and the clocked inverter circuit 91h constitute a slave 
cell. The delay circuit 61 has an inverter circuit 92 

-for -invert ing~t he-delay -signal— DLS~: — 

FIG. 30 shows the characteristics of a 
master/slave type delay flip-flop circuit having a 
reset input signal. In other words, FIG. 30 
illustrates the relationship among the reset input 
signal R, input signal D, output signal Q and the clock 
signal CLK. 

Now, the operation of the embodiment of FIG. 29 
will be described by referring to FIG. 30. The input 
signal D of the master/slave type delay flip-flop 
circuit 91 is fixed to level HIGH. Therefore, as the 
clock signal CLK is brought up from level LOW to level 
HIGH, the output signal Q (pulse signal CSLEp) is also 
brought up to level HIGH. The output signal Q at level 
HIGH is delayed by a time period equal to a 
predetermined pulse width by the delay circuit 61 and 
operates as reset input signal R. Thus, the output 
signal Q is brought down to level LOW with a delay time 
equal to the pulse width. The output signal Q that is 
brought down to level LOW passes again through the 
delay circuit 61 and becomes a reset input signal R. 
At this time, the output signal of the master cell of 
the master/slave type delay flip-flop circuit 91 has 
already been initialized by the reset signal R if the 
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clock signal is at level HIGH. Thus, the output signal 
Q remains at level LOW. Additionally, output signal of 
the delay flip-flop circuit 91 is held to level LOW and 
at the_ same .time., jthe_ capa.citor jCLis _.char_g.ed_if the 
clock signal is at level LOW. 

With the twelfth embodiment, a pulse signal CSLEp 
can be generated quickly by using a master/slave type 
delay flip-flop circuit having a reset input signal. 

(13th Embodiment) 

FIG. 31 schematically illustrates the thirteenth 
embodiment of the invention. This thirteenth 
embodiment is formed by combining the delay circuit 61 
shown in FIG. 20 and the first and second flip-flop 
circuits FF1 , FF2 shown in FIG. 25. In FIG. 31, the 
components same as or similar to those of FIGS. 20 and 
25 are denoted respectively by the same reference 
symbols . 

The embodiment of FIG. 31 operates substantially 
same as the ninth embodiment of FIG. 25. However, the 
falling edge of the delay signal DLS of this thirteenth 
embodiment is sharper than that of the delay signal DLS 
of the ninth embodiment. 

More specifically, as shown in FIG. 32, when the 
capacitor C of the delay circuit 61 discharges, the 
transistor PT2 is turned off as the potential of the 
delay signal DLS falls under the threshold voltage 
I Vthp | of the P-channel MOS transistor PT2 . Thus, 



the capacitor C is isolated from the connection node CN 
so that the potential of the delay signal DLS can be 
made to fall quickly by the inverter INV. Therefore, 
the delsy_s.ijg.nal. DLS shows a„sharp_f ailing ; .edge so that 
the supply voltage dependency of the pulse width of the 
output pulse signal can be reduced if compared with a 
signal showing a mild falling edge. 

The pulse generator of this embodiment operates at 
very high speed and is little dependent on the supply 
voltage as a result of the effect of combining the 
advantages of the sixth embodiment and those of the 
ninth embodiment . 

(14th Embodiment) 

FIG. 33 schematically illustrates the fourteenth 
embodiment of the invention. The word line selection 
circuit 7, the column selection circuit 9, the row 
decoder 52, the column decoder 53 and the pulse 
generator 51 of the first through thirteenth 
embodiments are arranged in the SOI region 6. However, 
the disposition of these components is not limited to 
the inside of the SOI region. 

The embodiment of FIG. 33 is realized by applying 
the present invention to SON (silicon on nothing) . In 
FIG. 33 , the components same as or similar to those of 
FIG. 9 are denoted respectively by the same reference 
symbols. Referring to FIG. 33, an SON region 101 is 
arranged in the substrate 100. MOS transistors 
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operating for data latch circuits 11 and a main data 
line drive circuit 12 are formed in the respective 
semiconductor layers 6-2 of the substrate 100 within 
the -SON— region- 10 1- - The~MOS t ransistors are -isolated 
from each other by means of STIs. Cavity regions 
102 are formed respectively under the semiconductor 
layers 602. 

The above described SON structure provides the 
advantages described above by referring to the SOI 
structure. 

The sixth through twelfth embodiments are 
described in terms of generation of a column-related 
pulse signal. However, the present invention is by no 
means limited thereto and can equally be applied to 
generation of a pulse signal that is used in for parts 
of a semiconductor device. 

Preferably, the circuits that are arranged in the 
bulk region 1 and those arranged in the SOI region 6 or 
SON region 101 are configured in a manner as described 
above by referring to the embodiments. However, 
alternatively, the circuits relating to the reading 
operation of the device may be arranged in the bulk 
region 1 and those relating to the writing operation of 
the device may be arranged in the SOI region 6 or SON 
region 101. Such an arrangement also provides 
advantages similar to those of the above described 
embodiments . 



i 
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The above embodiments are described in terms of 
forming a DRAM macro by using the partial SOI or SON 
technology. However, the present invention is by no 
-means 1 limited— thereto- and—the- -present -invention may be 
5 applied to memory devices other than DRAMs, such as 

SRAMs, EPROMs, EEPROMs and ferroelectric memory 
devices. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 

10 the invention in its broader aspects is not limited to 

the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 

15 defined by the appended claims and their equivalents. 



